Background: WHO guidelines advocate breastfeeding for six months, and EAACI recommends exclusive breastfeeding for 4-6 months. However, evidence for breastfeeding to prevent asthma and allergic disease is conflicting. We examined whether following recommended breastfeeding guidelines alters the long-term risks of asthma, eczema, rhinitis, or atopy.
Evaluating the efficacy of breastfeeding guidelines on long-term outcomes for allergic disease
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Introduction
The aetiology of allergy is multifactorial and comprises both genetic and environmental components. It is now recognised that the early life environment, including nutrition, has considerable effect on risk of several diseases including asthma and allergy. Early life nutrition can be provided by breastfeeding or formula feeds, followed by the introduction of complementary foods and weaning. Immunomodulatory breast milk components such as maternal antibodies are absent from formula, and also differ between mothers and between breast milk samples (3) .
Breastfeeding for at least six months is recommended, unless contraindicated, by World Health Organisation (WHO) guidelines (4) . Exclusive breastfeeding is advised by the European Academy of Allergy and Clinical Immunology (EAACI) for at least four to six months (5) , and EAACI guidelines state that "Breastfeeding has many benefits for mother and child and is therefore recommended for all infants. There is a small amount of evidence to support breastfeeding as a means of preventing the development of food allergy". Although there is evidence that breastfeeding alters risk of several adult diseases, the potential benefits of breastfeeding for allergic disease are controversial.
Additionally, the effect of breastfeeding according to the current clinical guidelines on long-term outcomes for allergic disease has not previously been investigated.
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Breastfeeding has been studied before in the Isle of Wight (IoW) birth cohort. Exclusive breastfeeding for the first three months of life is protective against early childhood atopic wheeze (6) . Breastfeeding for over four months is associated with increased lung volume at age 10 (7). Increased lung function was also seen at age 18 but stratifying by height reduced this association (8) . Additionally, prolonged breastfeeding mitigated the impact of maternal smoking during pregnancy and recurrent lower respiratory tract infection (RLRTI) on asthma risk (repeated measures up to age 10) (9). In the FAIR cohort, breastfeeding type (exclusive or non-exclusive) or duration has no effect on food allergy prevention in early childhood (10) . However the long-term effect of breastfeeding on repeated asthma, eczema, rhinitis, and atopy up to age 18 is uncertain.
In general, studies that report a protective effect of breastfeeding on allergic disease look at allergic outcomes in early childhood, and studies of the long-term effects are scarce, therefore the role of breastfeeding in allergic disease throughout adolescence needs further investigation (11) . In particular, asthma diagnosis in early childhood is primarily based on wheeze so studies reporting an early protective effect of breastfeeding on 'asthma' may not identify those who continue to exhibit persistent asthma symptoms in adulthood.
Crucially, categorisation of breastfeeding duration is widely variable, complicating interstudy comparisons. Evidence for the effects of breastfeeding is inconsistent and often limited by the absence of a non-breastfed reference category (12, 13) . This study aims to evaluate how appropriate breastfeeding guidelines are specifically for long-term asthma and allergic disease risk, in a longitudinal prospective birth cohort and validation cohort. We hypothesised that guideline breastfeeding would be protective against development of asthma and allergic disease.
Materials and Methods
The Isle of Wight (IoW) cohort
The IoW birth cohort (n=1456) was set up in 1989 to prospectively investigate the development of asthma and allergic disease. Mothers were approached at birth and following exclusion of subjects due to adoption, follow-up refusal, or perinatal deaths 95% of children were enrolled. In line with ethical approval, written parental consent was obtained for all participants and follow-ups were conducted at 1, 2, 4, 10, and 18 years. The cohort has been described in detail elsewhere (14) . All subjects with outcome data for at least one follow-up were included in analyses (n=1496, 1496, 1495, and 1289 for asthma, eczema, rhinitis, and atopy respectively). Since the 1-year and 2-year followups were completed in a relatively small time window, they were combined (reported as 1-or-2 years).
Variable definitions
Breastfeeding duration data were obtained retrospectively at the 1-and-2 year followups. The minimum six months breastfeeding recommended by the WHO guidelines was used to categorise breastfeeding into 'no breastfeeding', '>0-6 months', and '>6 months' breastfeeding.
Duration of exclusive breastfeeding duration was defined as the age at which formula feeding or solid foods were first introduced. According to EAACI guidelines (5), mothers should attempt to breastfeed exclusively from birth until four months unless contraindicated. Exclusive breastfeeding was therefore categorised into 'no exclusive breastfeeding, '>0-4 months', and '>4 months'.
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Socioeconomic status was determined by combining parental occupation at birth, number of children in the index child's bedroom, and family income as described previously (7) . Maternal smoking during pregnancy was recorded at birth. RLRTI was defined as two or more episodes of parental report of chest infections, based on productive cough lasting for five or more days in the preceding 12 months. Antibiotic usage and wheezing were not prerequisites for the diagnosis of RLRTI. Information on RLRTI was collected at 1 and 2 years. Other variables included sex, birth order, season of birth, birthweight, gestational age, mode of delivery and parental history of allergy (ever).
Asthma definition required both "history of physician-diagnosed asthma" and either "wheezing or whistling in the chest in the last 12 months" or "asthma treatment in the previous 12 months". As asthma is difficult to diagnose with confidence in early childhood, we only used 10 and 18-year data for asthma. Eczema was defined as chronic or chronically relapsing itchy dermatitis lasting >6 weeks with characteristic morphology and distribution, following Hanifin and Rajka criteria (16) . Rhinitis was defined as a problem with sneezing, or a runny or blocked nose without cold or flu in the last year (17) . Atopy was determined by skin prick testing as described previously (17) .
The Food Allergy and Intolerance Research (FAIR) cohort was used for validation. The FAIR cohort (n=988) was established in 2001, and at present has follow-up to 10 years of age. The same definitions and methods were used in the FAIR cohort, except that maternal education was used as a proxy for maternal socioeconomic status, and no data were available for parental atopy or RLRTI. The FAIR cohort has been described in detail elsewhere (18) . IoW results were validated in FAIR participants at ages 1, 2, 3, and 10 years. Loss to follow-up was minimal for both cohorts ( Figure 1 ).
Statistical analyses
The generalised additive models (GAM) implemented in our analyses utilised splines to semi-parametrically describe the association of asthma risk with breastfeeding duration in the IoW cohort. The PROC GAM procedure in SAS (2) was used to fit the model. This procedure also provided a test on the statistical significance with respect to a linear association of asthma risk with breastfeeding duration. repeated asthma, eczema, rhinitis, and atopy -both adjusted and unadjusted modelswere calculated using log-linear models via generalised estimating equations.
For asthma only long-term outcomes were investigated, following previous analyses of breastfeeding on early wheeze in the cohort (6) . In the IoW cohort asthma at 10 and 18 years and in the FAIR cohort asthma at age 10 were examined. Log linear models were used to calculate RRs for the 10-year data in the FAIR cohort. All statistical analyses used SPSS software (version 22.0.0, IBM).
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Wheeze trajectories
To analyse the effect of breastfeeding duration on subtypes of early wheeze, wheeze trajectories were constructed based on presence/absence of wheeze ages 1-or-2 and 4
in the IoW cohort (25) . These categories were never wheezed, early transient wheeze, late wheeze, and persistent wheeze (see Table S1 ). Log linear models were used to examine the effect of non-exclusive and exclusive breastfeeding on the trajectories, with 'never wheezed' as the reference trajectory. Most adjusted models reached singularity for both non-exclusive and exclusive breastfeeding, so adjusted models only control for sex and RLRTI.
Results
Cohort characteristics
Characteristics of the IoW and FAIR cohorts are presented in Figure S1 ), which implies assuming linearity between breastfeeding duration and asthma risk is not appropriate. Furthermore, the non-linear pattern suggested a categorisation of breastfeeding around the 30 weeks time point, which agrees with the 6 months breastfeeding recommendation by the WHO.
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Confounding factors
Potential confounders were tested for association with breastfeeding duration (Tables S2   and S3 ). In both cohorts, socioeconomic status, maternal smoking during pregnancy, sibling order, and (in the IoW cohort) RLRTI were associated with breastfeeding duration. These were therefore controlled for in the adjusted models, alongside wellevidenced confounders from the literature.
Primary Analysis: Non-exclusive breastfeeding
The effect of non-exclusive breastfeeding on allergic outcomes was examined using both adjusted and unadjusted models. These analyses showed no significant effect of non-exclusive breastfeeding duration across the ages of 1-or-2, 4, 10, and 18 on asthma, eczema, rhinitis or atopy in the IoW cohort ( Table 2 ).
The validation cohort replicated the non-significant results seen in the IoW cohort for eczema, rhinitis, and atopy. However, FAIR children who were breastfed for >0-6 months were only half as likely to have asthma at age 10 as those not breastfed (Table   2 ). This effect was seen in both unadjusted and adjusted (RR=0.50, 95%CI 0.32-0.79, p=0.003) models and remains significant after Bonferroni correction (four allergic outcomes tested).
Secondary analysis: Exclusive breastfeeding
Relative to participants never exclusively breastfed, participants exclusively breastfed for less than or greater than 4 months did not differ in their risks of long-term asthma or allergic disease (Table 3) . In unadjusted models, risk of eczema was higher among children exclusively breastfed for >4 months relative to non-exclusive breastfeeding in the IoW cohort (RR=1.44, 95%CI 1.06-1.95, p=0.018). This did not remain significant after adjustment or after Bonferroni correction (four allergic outcomes tested).
Accepted Article
In the validation cohort, exclusive breastfeeding for >4 months was protective against repeated measures of rhinitis relative to non-exclusive breastfeeding, in both unadjusted and adjusted (RR=0.36, 95%CI 0.18-0.71, p=0.003) models (Table 3) . Additionally, exclusive breastfeeding for >0-4 months was protective against asthma at 10 years in the adjusted model (RR=0.68, 95%CI 0.46-0.99, p=0.045). This remained significant for rhinitis but not asthma after Bonferroni correction (four allergic outcomes tested).
Analysis at each time point for non-exclusive and exclusive breastfeeding
Analysis of each outcome at each time point was done to determine whether intercohort differences were due to differences in length of follow-up. Effects of non-exclusive and exclusive breastfeeding remained different between the two cohorts even at similar follow-up ages (Table S4) .
Early wheeze Trajectories
In the IoW cohort adjusted models, non-exclusive breastfeeding (Table S5) for >6 months was protective against falling into the late wheeze trajectory, relative to never wheezing (RR=0.54, 95%CI 0.32-0.90, p=0.019). Similarly, exclusive breastfeeding (Table S6) for >4 months was borderline significantly protective against late wheeze (RR=0.57, 95%CI 0.32-1.01, p=0.052).
In the FAIR cohort there were no significant effects of breastfeeding on wheeze trajectories in adjusted analyses (Table S5 and S6) . However, >6 months non-exclusive breastfeeding (Table S5 ) had the same direction of effect (protective) against late-onset wheeze, as observed in the IoW cohort, but did not reach statistical significance.
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Discussion
This study found inconsistent protective effects of breastfeeding duration on long-term allergic outcomes. Non-exclusive breastfeeding duration had no significant effect on long-term allergic disease in the IoW cohort, though in the validation (FAIR) cohort >0-6 months breastfeeding was protective against asthma until the age of 10. Exclusive breastfeeding duration did not affect long-term allergy in the IoW birth cohort, though >4 months exclusive breastfeeding protected against rhinitis in the validation cohort. Nonexclusive breastfeeding for >6 months was significantly protective against the late onset early wheeze trajectory in the IoW cohort, and had the same direction of effect in the validation cohort. This divergence in long-term effects on allergic disease, even between two cohorts from the Isle of Wight, shows that current breastfeeding duration guidelines are not consistently protective, and highlights the need for further research.
Primary analysis: Non-exclusive breastfeeding
Non-exclusive breastfeeding duration did not significantly affect development of allergic disease in later childhood and early adulthood in the IoW cohort, suggesting the previously observed protective effects against early wheeze (6) do not persist. WHO guidance advocates breastfeeding for ≥6 months, and whilst this may provide numerous other health benefits, there is no evidence for the IoW cohort that breastfeeding duration affects longitudinal risk of asthma or allergic disease.
These results were largely reproduced in the validation cohort, although in FAIR a protective effect of non-exclusive breastfeeding for >0-6 months was observed, relative to no breastfeeding, against asthma (age 10). This effect is not significant for >6 months which does not support a dose response effect, although numbers were small in this category. Participation at the follow-up time points was high for both cohorts (Figure 1 )
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so it seems unlikely that the inconsistent results between the two cohorts are due to loss to follow up. However the analysis of asthma at age 10 in the FAIR cohort only included 460 individuals, which is significantly fewer than in the analyses for the other outcomes so the possibility of selection bias remains.
Previous comparisons report differences in prevalence of wheeze, rhinitis, and allergic sensitisation between the IoW and FAIR cohorts (18) , which were established on the same island 12 years apart, suggesting the inconsistent effects on asthma may reflect general changes in allergic disease prevalence over time. Additionally, breastfeeding practices are different between the two cohorts and could contribute to the inconsistencies reported here. Whilst the definition of non-exclusive breastfeeding is the same for both cohorts, other differences exist. Data on RLRTI and parental atopy were unavailable for FAIR, and FAIR participants have not reached 18 years -any protective effect of breastfeeding against wheeze (6, 26) may persist to 10 but not 18 years. Our data on long-term allergic outcomes span puberty. It could be possible that analysing both sexes together has masked different effects of breastfeeding duration on asthma in each sex, since puberty is known to have different effects on asthma in males and females (27) . However, in the IoW cohort, stratifying the 18-year asthma analyses by sex revealed no significant effect of breastfeeding duration on asthma in either males or females (data not shown). Combining the two cohorts was considered for meta-analysis and would increase the statistical power of analyses, however this was not suitable due to the differences between the two cohorts.
Our findings agree with several previous studies. While some studies have shown a significant protective effect, the majority of these are limited by study design (28) , no non-breastfed reference category (12, 13, 29, 30) , small study size (29, 31) , or short
follow-up duration (12, 26, 32, 33) . A cluster-randomised trial promoting prolonged and exclusive breastfeeding found that 6.5-year-old children in the interventional regions had increased prevalence of prolonged breastfeeding without a significant reduction in allergic symptoms (34) , in agreement with our findings. The prospective study design used in our study is advantageous as it limits information bias. Additionally, our analysis of outcomes using repeated measures allows persistence of outcomes to be taken into account. Some studies report protective effects of breastfeeding against allergy at younger ages, though we report that protective effects do not persist to adulthood.
Breastfeeding protects against early childhood wheeze (26, 35), but not all wheezing children go on to develop asthma (36) . This protective effect on early wheeze has been observed in the IoW cohort previously (6) . Studies reporting protective effects against childhood asthma may therefore observe a protective effect against wheeze, not asthma, which is likely to be virus-induced and indicative of the immunological protection that breastfeeding confers. Alternatively, breastfeeding could protect against asthma through reduction in RLRTI, though removing RLRTI infections from our model did not materially alter results (Table S7) , and in the IoW cohort the protective effect of longer duration breastfeeding against the late-onset wheeze trajectory remained significant while adjusting for RLRTI, suggesting that the potential effect of breastfeeding on wheeze prevention is not due to protection from RLRTIs.
Additionally the analysis of early wheeze trajectories in the IoW cohort suggests a protective effect of longer non-exclusive duration breastfeeding against late wheeze (children who do not wheeze at 1-or-2 but go on to wheeze at 4 years of age) but not persistent wheeze (children who wheeze at 1-or-2 years and 4 years) relative to never wheeze. The same direction of effect is seen in the validation cohort although this does not reach statistical significance. This suggests that breastfeeding may be protective
against certain subtypes of asthma, in particular the late-onset wheeze trajectory, which has been associated with increased allergic sensitization (37) and therefore may represent subjects likely to subsequently develop asthma. This analysis could explain the inconsistent results seen in this study, and also in the literature. Future research should examine breastfeeding relative to early wheeze trajectories.
Categorisation of breastfeeding duration in previous studies varies widely, and any categorisation has limitations. Firstly, some studies suggest a non-linear relationship between breastfeeding duration and allergic disease (32, 38) . Broad categorisation using guideline recommendations may therefore mask non-linear relationships. Furthermore, women who breastfed briefly may say that they did not breastfeed at all, or conversely feel guilty and exaggerate their answer to one week. To address this issue, analyses were rerun with a separate '1 week' breastfeeding category: results for all outcomes were similar to the primary analysis (data not shown), suggesting that potential bias due to misclassification of women between 0-1 weeks is unlikely to affect the results of our analysis.
Another potential limitation is that we were unable to examine reverse causality: a mother's decision to breastfeed may be influenced by early symptoms of allergy in the infant. This could mask any potential effects of breastfeeding on allergy, or result in an apparent increase in risk with prolonged breastfeeding. Few studies examine causality, though one study found early signs of atopy increases duration of exclusive breastfeeding (39) . IoW breastfeeding practices recorded at 1 and 2 years after birth could be subject to a degree of recall bias, however recall of breastfeeding duration has been shown to be quite accurate even 20 years after delivery (40) . Non-exclusive
breastfeeding does not consider concurrent feeding methods, so a secondary analysis was performed examining exclusive breastfeeding.
Secondary Analysis: Exclusive breastfeeding
Exclusive breastfeeding according to EAACI guidelines provided long-term protection against allergy, though this was inconsistent between cohorts. In the IoW cohort, exclusive breastfeeding duration had no significant effect on long-term allergy, however in the FAIR cohort, exclusive breastfeeding for >4 months was strongly protective against rhinitis, and exclusive breastfeeding for >0-4 months was nominally protective against asthma. For eczema, and atopy our results agree with current research, which suggests that delayed introduction of solids has no benefit; whilst for rhinitis prolonged exclusive breastfeeding may be protective. The significant protective effect against rhinitis was seen only in the validation cohort and is difficult to interpret, as this cohort's rhinitis definition does not differentiate between atopic and non-atopic symptoms. With the publication of the LEAP study (46) and the Consensus statement on peanut introduction(47) changes in the timing of introduction of solid foods is recommended, particularly the introduction of solid foods and peanuts before 6 months of age. This paper is reassuring in the fact that 6 months exclusive breasting does not seem to be important for allergy prevention.
Non-exclusive breastfeeding had a stronger protective effect than exclusive breastfeeding against asthma at 10 years in the FAIR cohort (RR=0.50 vs. RR=0.68).
Non-exclusive breastfeeding includes infants who are breastfeeding whilst introducing formula feeds, solid food or cow's milk so perhaps this could explain the inconsistency in results between the two cohorts. Solid foods contain many compounds which are foreign to infants prior to complementary feeding. Breastfeeding whilst introducing gluten-
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containing foods has been shown to reduce the risk of coeliac disease (41) . It is unknown whether breastfeeding also protects against immunological intolerance to allergic diseases. In the IoW cohort (Table S8) (44) . Secondly, the role of the breast milk microbiome may be important (45) . Thirdly, mode of breastfeeding was not examined in this study: breast milk can be given to infants directly from the breast or indirectly using a pump and bottle. The sucking mechanism differs, and may affect infant lung development and possibly lung function in later life. Few studies examine this mechanism, although a study by SotoRamírez et al. (26) found that direct breastfeeding resulted in a lower risk of wheeze or cough in the first 12 months compared with bottled breast milk or formula feeds. Finally, very few studies examine the effects of guideline recommendations for breastfeeding on
allergy. Since there is conflicting evidence for the effect of breastfeeding duration on long-term allergic disease, more research examining these guidelines is required.
Conclusion
Breastfeeding duration (exclusive or not) had some protective effects against long term allergic disease, although these varied even between the two co-located cohorts.
Breastfeeding duration did not significantly affect risk of allergic disease in the IoW cohort, however in the FAIR cohort non-exclusive breastfeeding for >0-6 months was protective against asthma at 10 years, and exclusive breastfeeding for >4 months protected against repeated rhinitis. Analysis of early wheeze trajectories suggests longer duration breastfeeding is protective against late-onset wheeze. WHO guidelines advocate breastfeeding for ≥6 months, though our results do not suggest this affords protection against long-term asthma, eczema, rhinitis, or atopy. Exclusive breastfeeding for ≥4 months is recommended by EAACI guidelines as protective against allergy disease, and this study found protective effects of exclusive breastfeeding for >4 months against long-term rhinitis in the FAIR cohort. Future studies should examine whether aspects of breastfeeding other than duration are important in preventing long-term asthma and allergic disease. 
